P . L i n d s e y , C . J . T a m b l i n g , R . B r u m m e r , H . D a v i e s -M o s t e r t , M . H a y w a r d K . M a r n e w i c k and D . P a r k e r Abstract In South Africa there are efforts to manage reintroduced subpopulations of the Vulnerable cheetah Acinonyx jubatus in small reserves (10-1,000 km 2 ) as a managed metapopulation. We estimated areas required to support cheetahs given varying prey densities, prey profiles and presence/absence of competing predators. A recent population and habitat viability assessment indicated that 20 subpopulations of 10 cheetahs or 10 subpopulations of 15 cheetahs are required to retain 90% of the heterozygosity of free-ranging cheetahs and to overcome stochastic events in the absence or presence of lions Panthera leo, respectively. We estimate that 203 -SE 42 km 2 (range
Introduction
C onserving large predators is challenging, partly because of their large area requirements (Linnell et al., 2001) . Given expanding human populations and increasing competition for land, predator conservation must be attempted in highly modified habitats (as is being achieved with some success in Europe; Breitenmoser, 1998) or in increasingly small fragments of natural habitat. In South Africa natural habitat is increasingly fragmented because of expanding human populations, the development of mines, land clearing for agriculture and urban expansion, and the proliferation of predator-proof fences on ranch lands (Marnewick et al., 2007; Lindsey et al., 2009a) . However, potential exists for predator conservation on private lands because of the increased development of privately owned, fenced game reserves (Davies-Mostert et al., 2009; Marnewick et al., 2009) .
Because of edge effects naturally occurring populations of African predators are disappearing from small-to medium-sized habitat patches in many parts of Africa (36-3,900 km 2 , Woodroffe & Ginsberg, 1998) . African wild dogs Lycaon pictus, for example, are disappearing from habitat patches smaller than c. 3,600 km 2 (Woodroffe & Ginsberg, 1998). Boundary fencing reduces edge effects by reducing human incursion into protected areas and the movement of wildlife into adjacent unprotected lands (Lindsey et al., in press ). Consequently, perimeter fencing has permitted the effective conservation of predators on smaller habitat fragments than would otherwise be possible. The reintroduction of predators into fenced reserves is a particularly common practice in South Africa (Hayward et al., 2007b; Hunter et al., 2007; Funston, 2008; Gusset et al., 2008; Davies-Mostert et al., 2009) . Reintroduced populations of African wild dogs, for example, occur in eight reserves in South Africa, comprising 3,652 km 2 and containing c. 33% of the wild population (Davies-Mostert et al., 2009; P. Lindsey, unpubl. data) . Lions Panthera leo have been reintroduced into at least 27 reserves covering an area of 5,702 km 2 , resulting in the expansion of the free-ranging population by 460 individuals (12-17%; Funston, 2008) . Similarly, cheetahs Acinonyx jubatus (categorized as Vulnerable on the IUCN Red List; Durant et al., 2008) have been reintroduced into 37 reserves covering an area of 7,744 km 2 , resulting in the expansion of the wild population by c. 258 individuals, or c. 22-33% (P. Lindsey, unpubl. data) . When alluding to the expansion of wild populations of cheetahs and lions we refer to cases where individuals of the two species are non-captive and hunt for themselves even if constrained by fences in some cases. Freeranging refers to wild populations that are not contained within a specific fenced area.
Reintroductions have, however, proceeded without due consideration of the area requirements of the predator species in question and in some cases steep declines in prey populations have followed (Power, 2002; Tambling & du Toit, 2005; Hayward, 2008; Lehmann et al., 2008) . For example, wild dogs have been removed from the smallest reserves into which they were reintroduced because of perceptions of excessive impact on prey populations (Nambiti Conservancy, 83 km 2 ; Karongwe Game Reserve, 80 km 2 ; Shamwari Game Reserve, 180 km 2 ; Davies-Mostert et al., 2009) . Similarly, cheetahs were removed from the 156 km 2 Suikerbosrand Nature Reserve after they caused dramatic declines in prey populations (Pettifer, 1981) .
Efforts have been made to assess the minimum area requirements of some predators for reintroductions, including wild dogs (Lindsey et al., 2004) and lions (Power, 2002; Lehmann et al., 2008) . As yet, however, no attempt has been made to estimate the minimum area requirements of cheetahs. During a National Conservation Action Planning exercise in 2009 the decision was taken to manage reintroduced subpopulations of cheetahs in South Africa as a metapopulation (Lindsey & Davies-Mostert, 2009 ). This decision follows the successful establishment and development of a managed metapopulation of wild dogs in South Africa after a population and habitat viability assessment (PHVA) workshop in 1998 (Mills et al., 1998; Davies-Mostert et al., 2009) . A PHVA workshop was held in 2009 to identify the number and size of subpopulations of cheetahs required to ensure demographic and genetic viability (defined as the retention of 90% of the heterozygosity of free-ranging populations of cheetahs in South Africa over a period of 50 years). The results of the PHVA indicated that 10 subpopulations of 15 individuals would be required where lions occur, or 20 subpopulations of 10 individuals where lions are absent, given translocation to mimic dispersal once every 2 years (Lindsey et al., 2009a) . The PHVA modelling implicitly incorporates interspecific impacts such as predation of cheetah cubs by competing predators. The mean size of reintroduced populations of cheetahs in South Africa is , 10 individuals (6.60 -SE 1.17), indicating that the establishment of larger subpopulations will be required to achieve viability for a managed metapopulation (Lindsey et al., 2009b) . Planning for the development of the metapopulation is hampered by a lack of understanding of the areas required to support subpopulations of cheetahs of various sizes. Free-ranging cheetahs utilize home ranges of 126-1,156 km 2 in southern Africa (Broomhall et al., 2003; Marker et al., 2008) , although the mean size of reserves used for reintroductions in South Africa has been much smaller.
Here we estimate the minimum area requirements of cheetahs under various scenarios, based on prey availability, to assist with conservation planning. Our findings suggest that achieving viability in the managed metapopulation will be difficult because of a shortage of sufficiently large reserves. We suggest a number of potential management interventions that could assist in striving for viability for the metapopulation, including: promoting the formation of larger reserves, augmenting prey populations when they become depleted to allow the conservation of larger subpopulations in small reserves, manipulation of the densities of other predators to reduce competition and predation, and increasing connectivity of cheetah subpopulations in fenced reserves with free-ranging populations.
Methods
We obtained data on the prey profiles of cheetahs and other large predators from as many South African reserves as possible (12 in all), from published and unpublished sources, providing representation from a broad array of habitat, rainfall and prey species composition scenarios. We standardized dietary data by calculating the percentage biomass comprised by each prey species. We assumed that each individual prey animal killed weighed 0.75 of standard female mass (Stuart & Stuart, 1991 ), after Coe et al. (1976 , to take into account calves and subadults eaten. For the Kruger National Park data, where prey profiles were presented in the source as the number of adults and juveniles of each species killed, with no gender distinction, adults were assumed to equal the female mass, and juveniles 0.33 of female mass. For each reserve where we had a cheetah diet profile we used estimates of prey density from the same time period, or as close as possible before or after. Data from aerial censuses were adjusted for undercounting of small and cryptic species (Redfern et al., 2002) using correction factors presented by Owen-Smith & Mills (2008) and Bothma (2002) .
Reserves with cheetahs but no other large predators
Cheetahs require less food per day to survive than other large African carnivores and published estimates of their requirements range from 1.4 kg day -1 (Mills et al., 2004 ) to 2.8 kg day -1 (Frame, 1999) , although females with older cubs can consume as little as 0.4 kg day -1 (Mills et al., 2004) . We assume that a cheetah requires on average 2.1 kg day -1 (Mills & Biggs, 1993; Owen-Smith & Mills, 2008) . We account for juveniles by multiplying the estimate of 2.1 kg day -1 by 0.75, following Owen-Smith & Mills (2008) . We estimated the edible portion of prey carcasses following Bissett & Bernard (2007) , who suggest that 67% of prey items . 80 kg, 90% of prey items of 5-80 kg and 100% of prey items , 5 kg are consumed by cheetahs.
Given the prey profiles (Table 1) , our estimates of consumption rate per day and edible carcass proportions, we calculated the biomass of each of the two most important prey species that would feed each of the populations of cheetahs for 1 year. We then calculated the number of individuals of each prey item (K) in the diet of one cheetah per year. Sustainable number and area calculations follow Lindsey et al. (2004) . Assuming that offtake by cheetahs will comprise a sustainable set amount each year we calculated the maximum sustainable yield of offtake by cheetahs as MSY cheetah 5 (r m *K)/4 where r m is the maximum population growth rate of each prey item and K is the number of prey items consumed (offtake; Caughley, 1977) . The intrinsic growth rate (r m ) of each population was calculated using 1.5W -0.36 (Caughley & Krebs, 1983) , where W is the standard female weight of each prey item (Bothma, 2002 MSY cheetah indicates the maximum number of individual prey animals removed that should be sustainable based on growth rates expressed by r m . Using the density of each dominant prey item in each reserve where the diet profile was constructed (Table 2) , we calculated the minimum area that would be required to sustain reintroduced populations of cheetahs. We assume that the prey species with the higher area requirement will be the limiting species and will drive the area requirements for cheetah reintroductions (Lindsey et al., 2004) .
To assess the feasibility of augmenting prey populations to achieve higher densities of cheetahs we calculated the increase in prey numbers of the two dominant prey species that would be required to support subpopulations of 10 cheetahs in 100, 200 and 300 km 2 . Using the equations derived above we set the area values to the above levels and calculated the required density for the two dominant prey items. We subtracted the observed density of the prey species from the expected density to obtain a net change in density required to achieve 10 cheetahs in each specified area. Using the area of each reserve we calculated the population augmentation required from the estimated required increases in prey densities. We calculated the cost that would be incurred (in USD) for the required prey population augmentations based on mean prices at auctions for live wild ungulate species in South Africa in 2009: eland, USD 694; gemsbok, 686; impala, 115; kudu, 330; nyala, 742; springbok, 114; waterbuck, 618; warthog, 89; and wildebeest, 231 (Wildlife Ranching South Africa, unpubl. data).
Reserves where other large predators are present Cheetahs lose 13.1% (Caro, 1994), 11.8% (Mills et al., 2004) , 9.5% (Radloff & du Toit, 2004) and 3.5% (Bissett & Bernard, 2007) of their kills to kleptoparasitism in the Serengeti, Kruger, Mala Mala and Kwandwe respectively. Based on these estimates, and assuming that the majority of kleptoparasitism would occur in the presence of spotted hyaenas Crocuta crocuta, we set three levels of kleptoparasitism for prey profiles depending on the resident large carnivore assemblage in the reserve from which the prey profiles were derived. For reserves where both lions and spotted hyaenas are present we set kleptoparasitism to 11.8% (Mills et al., 2004) , and for reserves where lions occur in the absence of spotted hyaenas we set kleptoparasitism to 3.5% (Bissett & Barnard, 2007) and where no large predators were present we set kleptoparasitism to zero.
Using these estimates of kleptoparasitism we reestimated the numbers of prey, and hence area, required for each reserve for the incremental introduction of cheetahs. Cheetahs in areas with other large predators will also lose access to food because other large predators will compete for similar prey species, depending on the degree of dietary overlap. Using reserves where the prey profiles of cheetah and other large carnivores were known we assessed overlap of prey profiles using Pianka's index:
where P i is the frequency of occurrence of prey item i in the diet of species j and k (Pianka, 1973). We calculated the biomass consumed by each other large predator from the prey profiles in the same manner as those used for cheetah. Daily consumption rates of the four other large predators were taken from Owen-Smith & Mills (2008) and we used 0.75 of this weight to account for juveniles in the population (Owen-Smith & Mills, 2008) . The proportion of prey carcasses that are edible for lions and spotted hyaenas was taken from Funston et al. (1998) , and for cheetahs and wild dogs from Bissett & Barnard (2007) . The MSY required to support other large predators was calculated using the dominant two prey items of cheetahs and the same Hayward et al. (2007a) 18 Hayward et al. (2006c) 19 Hirst (1969) approach as explained for the cheetah-only scenario. The MSY cheetah was then added to the MSY of the other large predators and the observed densities were again used to calculate the areas required to support the required prey populations. By comparing the areas required for an increase in one cheetah when cheetahs are alone and for an increase of one cheetah when each other predator species is included at a 1 : 1 ratio we assessed the relative impact of having the other predators in reserves with cheetahs. All model development was conducted using R v. 2.7 (R Development Core Team, 2009) .
Results

In the absence of competing predators
The predicted mean area required to support a population of 10 cheetahs in the absence of other predators is 203 -SE 42 km 2 , range 48-466 km 2 (Table 3) . In contrast, existing subpopulations of cheetahs in reserves live at a mean density of 10 cheetahs per 313 -SE 117 km 2 (range 50-2,000) in reserves without lions and 10 cheetahs per 729 -SE 149 km 2 in reserves with lions (range 88-6,200; Table 4) , with varying degrees of presence/absence of other predator species in both reserve categories. Cheetahs could potentially be conserved in smaller areas if prey populations are augmented annually. Estimated mean costs of augmenting prey populations to permit the conservation of 10 cheetahs in reserves of 100, 200 and 300 km 2 are c. USD 62,000, 18,000 and 7,000, respectively (Table 3) .
With other predators present
The presence of other large predators substantially increases the area required to support cheetahs. The mean area required for a subpopulation of 10 cheetahs in the presence of an equal number of lions is estimated to be 469 -SE 267 km 2 . For 15 cheetahs (the recommended minimum size of subpopulations for reserves with lions present) an estimated mean of 703 -SE 311 km 2 (range 166-2,806 km 2 ; Table 5 ) is required, given an equal number of lions. The increase in the area required to support cheetahs, i.e. imposed by competing predators, varies among species (analysis of variance, df 5 3, F-ratio 5 7.49, P, 0.001; Table 6 ). The greatest mean increase is imposed by wild dogs, followed by lions. The mean area required to support 10 cheetahs and 10 individuals of each of the other four large predators is estimated to be 1,616 -594 km 2 (or 2,424 -SE 890 km 2 for 15 cheetahs and 15 individuals of other species; range, 727-3,739 km 2 , Table 5 ).
Existing populations of cheetahs
The population of cheetahs in small-to medium-sized fenced reserves currently numbers c. 258 individuals, in reserves with a mean size of 267 -SE 54.5 km 2 , supporting mean subpopulation sizes of 6.61 -SE 1.17 ( Table 4) . The most common combination of large predator species in reserves with reintroduced populations of cheetahs is leopards, lions and spotted hyaenas (25.0% of reserves), with wild dogs only present in 17.5% of reserves (Table 5) . The observed areas in which cheetahs occur are generally smaller than the predicted area requirements, although usually within the range of predicted area requirements for the scenarios presented ( Table 5 ).
The area required to support cheetah populations of any size, given varying scenarios of other predator presence, absence or density can be estimated by multiplying the values in Table 6 (which are the increase in area required to support one cheetah in the presence of one individual of each of four other large predator species) with the area estimates presented for cheetahs in the absence of other predators in Table 3 .
Discussion
Accuracy of our estimates
The accuracy of our area estimates depends on the quality of the input data and of our underlying assumptions. Two issues may have introduced conservatism into our estimates (i.e. resulting in overestimation of area requirements). Firstly, the estimation of predator diet using observations of carcasses is likely to impose bias by the over-representation of large species and under-representation of small species (Mills, 1992) . This phenomenon would probably both increase apparent overlap in diet among the predator species and inflate apparent reliance on large, slow-breeding species, both of which would increase our estimates of the area requirements of predators. The degree of overlap between cheetahs and leopards, for example, may have been particularly exaggerated. Prey profiles presented for leopards do not indicate consumption of small species such as rodents and hyraxes (Procavia capensis, Heterohyrax brucei), which are known to form a significant component of the diet in some areas (Grobler & Wilson, 1972) . Similarly, research from the Kalahari suggests that cheetahs rely more heavily on small species, such as scrub hares Lepus saxatilis and steenbok Raphicerus campestris, than previously recognized TABLE 3 Number of prey and area requirements for 10 cheetahs based on the two most prevalent prey species in their diet ( (M. Mills, unpubl. data) . Secondly, some of the prey-density data used in the analyses reflect reduced ungulate populations because of overstocking of predators. For example, prey densities from Jubatus and Karongwe reserves may be lower than normal because of high predator densities (Lehmann et al., 2008) .
Conversely, we may have underestimated area requirements for cheetahs in reserves lacking most competing species but in which brown hyaenas Parahyaena brunnea occur. Brown hyaenas are typically dominant over cheetahs (Mills, 2010) and are known to steal kills on occasion (R. Brummer, unpubl. data). However, published data on the frequency and severity of kleptoparasitism of cheetah kills by brown hyaenas are not available and so we were not able to model the impacts. In areas where other competitively superior large predators occur (notably spotted hyaenas) the impacts of brown hyaenas on cheetahs are likely to be negligible by virtue of the former suppressing numbers of the latter. However, where cheetahs and brown hyaenas are the only large predators present, kleptoparasitism by the latter may increase the area requirements for cheetahs.
There was variation among reserves in the methods used to count prey that could introduce error into estimates of area requirements. Ground-based sampling may result in better estimates of small species than aerial censuses. However, the species used in modelling were the top two species in the diets of predators, which were almost invariably medium-to large-sized species (i.e. impala-size; 45-60 kg) or larger, except for Shamwari and Kwandwe where bushbuck Tragelaphus scriptus (36-60 kg) and springbok (37-41 kg) are key components of the diets of some predator species. Consequently, the use of various census techniques is unlikely to have a significant impact on minimum area estimates.
The prey profile of male and female cheetahs tends to differ, the former typically consuming larger prey than the latter (Bissett, 2007) . Most data on the diet of cheetahs did not separate data for males and females and thus represented prey profiles of typical gender ratios. Extrapolating from overall cheetah prey profiles is likely to provide an accurate representation of what prey populations would be required to support a typically structured subpopulation of cheetahs. However, in small reserves sex ratios of cheetahs may be skewed, either because of a management preference for a certain number of individuals of either sex or by chance. If the sex ratios of cheetahs are skewed the impacts on certain prey species may differ, depending on the relative over-abundance of males (and particularly coalition males) versus females. With an unusually high proportion of males in a cheetah subpopulation one would expect larger area requirements because of the probable prevalence of larger species in their diet. Area requirements would probably more closely approximate the minimum imposed by the larger of the two primary prey species in the prey profiles presented. Conversely, if the gender ratio is skewed towards females then the area requirements could be significantly lower, and would probably more closely approximate those imposed by the smaller of the two primary prey species in the prey profiles presented. A prevalence of males in the population would probably increase the degree of overlap of diet between cheetahs and large predators, especially lions, whereas a prevalence of females would probably increase the dietary overlap with smaller predators such as wild dogs.
Some of the sample sizes of kills used to estimate prey profiles for some predator species were relatively small TABLE 5 Percentage of reserves in South Africa containing cheetahs in various combinations of hyaenas, lions, leopards and wild dogs, predicted means (and ranges) of area requirements for 15 cheetahs in the various combinations of predators (assuming equal densities of the species), and observed mean area requirements (and ranges) of cheetahs in reserves when the species has been reintroduced. The extent of dietary overlap between cheetahs and four other large predator species (calculated using Pianka's index, see text for details) in 12 reserves, and the predicted increase in area required to support one cheetah if one individual of the other large predator species is present, based on the first (Area Sp1 ) and second (Area Sp2 ) most prevalent prey species in the cheetah's diet in each reserve ( Large areas are required to support reintroduced cheetah populations
Our estimates emphasize that large areas are required for the reintroduction and conservation of cheetahs, particularly in the presence of competing predators. The PHVA for cheetahs in South Africa indicated that 20 subpopulations of cheetahs of at least 10 individuals would be required to preserve 90% of the heterozygosity of free-ranging cheetah populations in the absence of lions, or 10 subpopulations of 15 individuals in the presence of lions (Lindsey et al., 2009a ).
An estimated mean area of 203 km 2 is required to support 10 cheetahs in the absence of lions, and an estimated mean area of 2,424 km 2 is required to support 15 cheetahs in the presence of the complete guild of other large predators. These areas are larger than 65 and 100% of reserves, respectively, currently containing reintroduced populations of cheetahs in South Africa.
Carrying capacities are influenced primarily by prey densities
Area requirements of cheetahs vary significantly, primarily because of the wide variation in the density of key prey species. In some cases relatively small areas are able to support sizeable subpopulations of cheetahs: in 50% of scenarios presented , 100 km 2 would be required to support 10 cheetahs in the absence of lions and, in some circumstances (e.g. with the Hluhluwe-iMfolozi Park prey profiles), 15 cheetahs could be conserved in the presence of equal densities of other predators in areas , 1,000 km 2 . The smallest area requirements for cheetahs were predicted for low-lying coastal reserves in KwaZulu-Natal and the Eastern Cape, which have high densities of cheetah prey species, nyala and impala, and kudu and bushbuck, respectively. However, in reserves with low prey densities large areas are required to support cheetahs even in the absence of other predator species.
Most reserves are stocked at or beyond carrying capacity
The large area requirements of cheetahs and the relatively small size of most fenced reserves in South Africa means that cheetahs and other predators are often likely to be stocked at densities approaching, or in some cases exceeding, what the prey populations in those reserves can support. Correspondingly, prey population declines have been observed in some fenced reserves and cheetahs have been implicated as the cause. In addition to the observed prey declines in Suikerbosrand (Pettifer, 1981) , cheetahs caused local extinction of blesbok (c. 60 individuals to 0 in 2.5 years) and ostriches Struthio camelus (c. 8 to 0 in the same period) and ongoing declines of impala (193 to 120 during 2006-2008) and kudu (45 to 31) populations in Jubatus Reserve (B. de Witt, unpubl. data; L. Robinson, pers. comm.) , and sharp declines in bushbuck numbers in Makulu Makete (R. Brummer, unpubl. data) . In all three instances cheetahs were the only large predator present, except for occasional brown hyaenas. Similarly, reintroduced populations of lions have caused prey population declines at several sites (e.g. Pilanesberg; Tambling & du Toit, 2005) , and wild dogs have generally been removed from the smaller reserves into which they were reintroduced because of excessive impacts on prey populations (Power, 2002; Hayward et al., 2008; Lehmann et al., 2008; Davies-Mostert et al., 2009 ). An ongoing debate regarding the management of the metapopulation of wild dogs has been the necessity and/or acceptability of intensive management of their numbers following reintroductions (Davies-Mostert et al., 2009). Our results suggest that because of the high densities at which cheetahs and other predators are stocked, regular management intervention is advisable to prevent carrying capacities being exceeded. This occurred at Mountain Zebra National Park during 2010, with 19 cheetahs removed to reduce the population to 13 individuals (D. Parker, unpubl. data).
Achieving viability in the managed metapopulation will be difficult
The large area requirement of cheetahs, particularly in the presence of other predator species, suggests that developing subpopulations of cheetahs of sufficient size to attain viability in the managed metapopulation will be challenging. There is a shortage of large reserves in South Africa: of the areas in which cheetahs have been reintroduced (or fencing constructed around free-ranging populations, excluding Kruger and Kgalagadi) (2) Manipulation of the densities of competing predators The area required to support cheetahs could be reduced by manipulating the densities of competing predators. However, the primary land use of reserves of sufficient size for the reintroduction of cheetahs is typically ecotourism, for which predators are crucial attractions (Lindsey et al., 2009c) . Nonetheless, if the relative density of predators was manipulated such that competitors were stocked at densities lower than those of cheetahs, competition with cheetahs for prey would be minimized. In addition, mortality of cheetahs through predation would be reduced. Such manipulation would be particularly important for predator species whose diets overlap the most with cheetahs, leopards and wild dogs (Hayward & Kerley, 2008) . Conversely, reducing the numbers of cheetahs would be important for increasing the carrying capacity of reserves for wild dogs.
(3) Promoting the formation of larger reserves Of the 40 small-to medium-sized fenced reserves containing cheetahs, 33 are privately owned (Lindsey et al., 2009b) . Private game reserves are typically created through the formation of multi-owner conservancies, or through the purchase and conglomeration of adjacent properties by single landowners or corporations (Lindsey et al., 2009c) . Encouraging the formation of more and larger conservancies would increase the availability of potential reintroduction sites and thus improve the prospects of establishing a viable metapopulation. The introduction of tax-breaks for wildliferanchers whose land forms part of conservancies or the provision of preferential access to permits for wildlife utilization to such farmers, and withholding of such benefits from ranchers who remain isolated and retain perimeter fencing should be considered as a potential means of encouraging the consolidation of individual game ranches into conservancies or private reserves. Such incentives would benefit government because conservancies are generally more profitable than small ranches, and because they confer a variety of ecological benefits including increased ecological resilience, reduced prevalence of undesirable land and wildlife management practices, and provide incentives for the effective re-establishment and conservation of indigenous biodiversity (Lindsey et al., 2009c) .
(4) Increasing connectivity with free-ranging cheetah populations In areas where cheetahs in reserves exist within the distribution of free-ranging populations of cheetahs the effective size of reintroduced populations could be increased by establishing connectivity with the free-ranging population. This could be achieved through the use of fencing permeable to cheetahs, as is used in part of Tswalu Kalahari Reserve (listed as Tswalu 2 in Table 4 ; G. Van Dyk, pers. comm.) . However, such an approach would only be possible in reserves lacking other large predators because of the potential for conflict with neighbouring farmers if species such as lions, spotted hyaenas or wild dogs escape. Furthermore, reserve owners who have purchased and reintroduced cheetahs may not be willing to risk losing them by allowing movement into adjacent unprotected lands.
Conclusions
By presenting a range of scenarios based on varying cheetah prey profiles, prey densities and presence/absence of competing predator species, we have provided a means for reserve managers to gain an understanding of the likely approximate area requirements of cheetahs across a variety of ecological circumstances. The large estimated area requirements of cheetahs, particularly in the presence of competing predators, suggests that achieving viability in the managed metapopulation will be difficult, stressing the importance of managing reintroduced predator populations to prevent carrying capacities being exceeded, and indicates that innovative strategies to increase the carrying capacity or size of reserves will be required for effective management of a metapopulation of cheetahs in South Africa.
